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(57) ABSTRACT

A vehicular charge control apparatus in a vehicle controls a
charge operation to the vehicle from an external power supply
facility, by using a charge intention determination unit for
determining whether a user of the vehicle has an intention to
charge, a plug connection state determination unit for deter-
mining whether a charge plug is connected to the vehicle
when the user’s intention to charge is determined by the
charge intention determination unit, and a notification execu-
tion unit for executing a predetermined notification process
when loss of connection to the charge plug is determined by
the plug connection state determination unit.

16 Claims, 10 Drawing Sheets

i 11

VEHICLE

1
1 reomCaTan
e B

18
NAVIGATION UNIT

19

FHHEEFIGH it

INFORMAT | ON
CENTER

COMMUN | GAT1 ON
NIT

CONNECT 1O
ABNORHAILI 1A

RECE| URIT

T

==

REAL TIME CLOCK]

20
VERICLE 1HFQ
DETECTION UNIT

21

CHARGE CONNECTOR|
TATE|

i

T

Tlok
oARRERTTET R, Hest

Pl ST A a0
S I i s

VEHICULAR CHARGE CONTROL APPARATLS

R o
2

OPERATION oerER OOk Ty -s8

SWITCH UNIT

oerEulE s e
a7
T S Hos

TRANSMISSEON UNI

15
BATTERY

PLUG CONNECTION STATE
CONFIRMAT |ON_PROCE:

TRRE  bm
A AT

A




U.S. Patent Sep. 15, 2015 Sheet 1 of 10 US 9,136,719 B2

161
62

— | [AR]
— o —| |=
= = O
2=~ |==
2= | =g
OE=S €S
W=S—| |71 —=
= =S —
== o8 =
o2 O (ko )
| [>=
| 1D
— I I
Lo
~[Linn 0L g
=
' =
=
2 &
5 |= =
=z ==
== E5 7
2 5 o
= S « |7
— < B>
v |oe—
) — ——
[ e N |
-1 3 —
N ces
o o Ll
— ==t
L o
L]
o -
= ~— — o oo ~<r Lo w ~ ©0
=) ) o o o o ) o o o
} ) ) } ] ) ) )
o P=> { { { { { L { {
NN == w |[B
\| E|F3 |==ll==lE || 2l =l =l 2l ==
SIES| =5 1= S |=5] juwS| = =]
Bl 53158 1= (98| =8| =8| =<5 (2=
= s | mm| == =] 5= b (o= — =<5 -2
=] 2= ==l G 125 12| 19| || 1= |o—
— = 1= =<t o< —| |Z=<| || || |22 —2
= | 1E|BY |2 122 5 R a2 |2 == 222
oS 22 o= 1B 30| ln=sl o <= 12| 5=
== ez | |S3e2| (2| |eea2| [=a2| | 22| |ohg| |O2
=5 =cuu| |l (=25t | Lol lenn) [l |OHI N T o=
= S| (S| [ [ wi| wi| | mE
g ] ] I o ==} o w -
= a ||=
— L J—
\ I | I | ] ] | | [
N SN1YdVddY TOJLNOD FIYVYHD dYINIIHIA
| I | | | ]
o] o|X!| o oy Lo
) = — L= et =
o => = S= >
= - = _5 oz
= o LL = — e Lt
(O] — = we = <= —
(NR] = - O b 1 (= =43 =
Bl | S = - o W= =
o e s g WA | o
L |2 —1 ] =z S=
== < v
@ =1L o
o L L1l =t
o = o




U.S. Patent Sep. 15, 2015 Sheet 2 of 10 US 9,136,719 B2

FIG. 2

Ca~1v] SET CHARGE RESERVATION

Cb~—1{1 DO NOT SET CHARGE RESERVATION

Cc— OK

(Literal translation of Cc is)
[Decided]




U.S. Patent Sep. 15, 2015 Sheet 3 of 10 US 9,136,719 B2

FIG. 3

PLUG CONNECTION STATE |._ay
CONF IRMATION PROCESS




US 9,136,719 B2

Sheet 4 of 10

Sep. 15, 2015

U.S. Patent

FIG. 4

( STRT )

~—A4

PLUG CONNECTION STATE
CONFIRMATION PROCESS

NOTIFICATION PROCESS [~—A6




U.S. Patent Sep. 15, 2015 Sheet 5 of 10 US 9,136,719 B2

61
62

- | |w
— - =] |2=
= = (OS5
~=<=| |ld=c—
OEZS| |[=OS—
W=0—| |71 —=
=25 (w5 —
ZZWQ. e N~
S5 wl [T
S Sl = )
< o |I>=
= |
— I !
Lo
SMYLING T04.LNOD H=
I ==
-
=
[a" a4
2 Sl
g — [T
2. |S=
o == <r
== 55 —
== 2 ]
DD = |6
= B[ | <=
— < |2
==
— s ) [ NN |
e ol e c 5
= o
|~ a ==
L =
o N~
= - e - . T T - 0 o
S| ) PP F ¢ PRSP
o w | oz u.Jl_ { ( ( ( { ( { { {
— S| = =
o | == =2
™ = S=le=lSs—I =2z = = == =
) |S|IEE ==L |IS2|=2 |22 =
——| |==(|&=|=5| === == |5 =|| <5
= ||18|83 22525252 — 2| =E| 2|52
S e e T | P | ]| | T | | = | |
- <c | |=1] |~—<Cilgi=<t e [ | 2 Qe [ L= [ | OO2 7 7 A Ll.ll__
= || E |38 212252 2|2 52228
[ el o=|S=EH|DE| o= <=2 = || S=EE | =
—= oz || ez || 2| | x| 2| | e || 55 || o=l =2,
=5 =t S| ==><|| <Cnil|es| i OH|| ~ o= (| S
= LU=l = i Wi w5l m —
= = =]k af o all S <
| S a |=
p— —
N A T T 1T T T 7 [ [
N SNLYYYddY T0YLNOD JDYYHI ¥VINITHIA
| I | I l |
o] »|X| o o Lo
-] z W——
O] = 1E| 182 |F| =8 |E
] s |- 128 |15 |EEl S
(- —_— b sl W o —
L, |© — Fra = z Se=
= = -
- = = =iy =)
L =)
- - [




U.S. Patent Sep. 15, 2015 Sheet 6 of 10 US 9,136,719 B2

FIG. 6

1S RESERVED CHARGE ™~~~
START TIME SET_?_——

YES

PLUG CONNECTTON STATE |4
CONF IRMAT | ON_PROCESS




U.S. Patent Sep. 15, 2015 Sheet 7 of 10 US 9,136,719 B2

FIG. 7

IS _RESERVED CHARG .
START TIME SET 2"

PLUG CONNECTION STATE | 4
CONF|RMATION PROCESS




U.S. Patent Sep. 15, 2015 Sheet 8 of 10 US 9,136,719 B2

61
62

— —| |
- - —| | 2=
= =| |55
== |t
OE=S| | >OS—
S5 (Lo S
[ ~—
=Cen.| |S— ~
S= wl | T
o2 I (o /
o (2=
— ] |
[ Xop
SMYLIND TT0YLNOD H=
I ==
= —==
S S
= |S=
o == <t
== (B5 -
=5 |= ),
20 = L&Y
= I8 [T >
(3]
— < &>
— e 2 [ N |
NE 52
D~ \L o =
LLl
[= 9
S
o P
=< - — &N om <t Lo O M~
=1 R G G . G L
o Pre) % El—— { { { { { { { { {
=
SlE=l| (B
o eS| 2e=l=== || = =l =l Bl 2-|E—
o S=|l=ls—| =l =l =l = ===
— w | o Eg_g,__z,o;o#-ol::_,:>_§oz
S 2|y P=lo=Ee2E2me=IES | eE ==
-z [0 | o | L] | g | P e | - i | PP ==t
o (2112 | |o=|ESs|dolr=los <= =22 |1 BEE| =
—= oz || Sz || L | HHes | =2 || a2 || o (| Sl
O S LLi ==
=5 =chuf | =l oes< ) e ISR - o= || n5s
= SwisSm||Et Il ol D | 3=2(e=
= = E=Ee =1 | = S| Br|jui—
S —t i = oD -
o IS o ||=
gp— ——
N A [ T 1T T T T 7 [ [
N SNLYYYddY T041NOD IDYYHD AVINIIHIA
| | | [ | l
o -l o5 o —_] — o 0
| = -l S N || N p N — ol
o=
= - = _= =%
x =
L = ot i 7] O — m
= — == z S=
e = =T 7
= Ll by T [}
L =)
L = o




U.S. Patent

FIG. 9

Sep. 15, 2015

Sheet 9 of 10

( START )

US 9,136,719 B2

IS
DETERMINATION

START E

IME SE
VES

T~

PLUG CONNECTION STATE

CONFIRMATION PROCESS




U.S. Patent Sep. 15, 2015 Sheet 10 of 10 US 9,136,719 B2

FIG. 10

PLUG CONNECTION STATE |4

NOTIFICATION PROCESS {~A6




US 9,136,719 B2

1
VEHICULAR CHARGE CONTROL
APPARATUS AND VEHICULAR CHARGE
CONTROL SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

The present application is based on and claims the benefit
of priority of Japanese Patent Application No. 2011-27247,
filed on Feb. 10, 2011, the disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to a vehicular
charge control apparatus that controls a charge operation of a
vehicle from an external power source of the vehicle and a
vehicular charge control system having such vehicular charge
control apparatus.

BACKGROUND

In recent years, hybrid vehicles (e.g., a plug-in hybrid
vehicle) and electric vehicles are becoming more common.
As a result, a vehicular charge control apparatus for control-
ling a charge operation of such vehicles are needed.

Conventionally, the charge control apparatus may have a
function to start charging the vehicle at a preset time, such as
a charge reservation function. However, in order to charge the
vehicle by way of the charge reservation function, a charge
plug extending from an external power source needs to be
adequately connected to the vehicle at a start time of the
charging. Therefore, various technique for detecting an
abnormality of a connection state of the plug (e.g., a charge
plug being forgotten to be plugged in to a connector, a plug
being pulled off from a connector, a plug falling off from a
connector, or the like) before starting the charging are pro-
posed. For example, Japanese Patent Application 2009-
60728 (US Publication No. 2010-0204859) discloses an
apparatus that is configured not to start the charge operation
by canceling a preset charge start time, when it is detected that
a charge cable is being pulled off from a charge connector
based on a pull-off checking action.

SUMMARY

In view of the above and other problems, the present dis-
closure provides a vehicular charge control apparatus and a
system having such apparatus, in which a pre-charging plug
connection state is checked in an advantageous manner to
detect whether an abnormality in a plug connection state that
prevents an adequate charging of the vehicle exists.

The abnormality detection regarding the connection state
of'the plug is required only when the user of the vehicle has an
intention to charge a battery of the vehicle. That is, when the
user desires to store the electric power in the battery of the
vehicle, the connection state of the charge plug should be
checked, and thus, when the user does not have an intention to
charge the battery, it is not necessary to detect the abnormality
of the plug connection state.

In an aspect of the present invention, a charge intention
determination unit of the vehicular charge control apparatus
determines if the user of the vehicle has an intention to charge
the vehicle, and a plug connection state determination unit
determines whether a charge plug is connected to the vehicle
when the charge intention determination unit determines that
the user has an intention to charge. Further, a notification
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2

process execution unit executes a predetermined notification
process when the plug connection state determination unit
determines that the plug is not connected.

In such manner, the connection state of the plug is deter-
mined only when the user of the vehicle has an intention to
charge. Then, as a result of such determination, if the plug is
not connected despite the user’s intention to charge, such
condition (i.e., the plug not being adequately connected to the
vehicle) is securely notified to the user. On the other hand, if
the plug is not connected due to the lack of an intention of the
user to charge the vehicle’s battery, such condition (i.e., the
plug not being connected to the vehicle) will not be notified to
the user. In other words, the abnormality detection of the plug
connection state is performed before the start of the charging
according to the user’s intention, that is, according to a deter-
mination of whether the user has or does not have an intention
to charge, thereby more truly and accurately reflecting the
user’s intention to the determination of the plug connection
state and to the notification of the abnormality of the plug
connection state.

In addition to the above configuration, a getting-off deter-
mination unit determines whether the user has gotten off the
vehicle, and a stop position determination unit determines
that a stop position of the vehicle is a predetermined position,
and an elapsed time determination unit determines whether
an elapsed time after the stopping of the vehicle is greater than
a predetermined time length. Further, the charge intention
determination unit determines that the user has an intention to
charge when all of following three conditions are fulfilled: (i)
when the getting-off determination unit determines that the
user has gotten off the vehicle; (ii) when the stop position
determination unit determines that the stop position of the
vehicle is the predetermined position; and (iii) when the
elapsed time determination unit determines that the elapsed
time after the stopping of the vehicle is greater than the
predetermined time length. In such case, the above configu-
ration may further include a confirmation screen display unit
that displays a confirmation screen for confirming that the
user has the intention to charge when the stop position deter-
mination unit determines that the stop position of the vehicle
is the predetermined position.

In addition to the above configuration, the vehicular charge
control apparatus may be configured in the following manner.
That is, the plug connection state determination unit may
repeatedly perform a determination process that determines
whether the charge plug is connected to the vehicle when the
getting-off determination unit determines that the user has
gotten off the vehicle, and the notification process execution
unit may repeatedly execute the notification process when the
plug connection state determination unit determines that the
charge plug is not connected.

In addition to the above configuration, the vehicular charge
control apparatus may further include a charge start time
setting unit that sets a time to start charge of the vehicle as a
reserved charge start time. Further, the charge intention deter-
mination unit may determine that the user has an intention to
charge when the charge start time setting unit sets the reserved
charge start time.

In addition to the above configuration, the vehicular charge
control apparatus may further include a charge start time
setting unit that sets a time to start charge of the vehicle as a
reserved charge start time. Further, the charge intention deter-
mination unit may determine that the user has an intention to
charge when (i) the charge start time setting unit sets the
reserved charge start time, and (ii) a current time is a prede-
termined time length before the reserved charge start time.
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In addition to the above configuration, the vehicular charge
control apparatus may further include a determination start
time setting unit that sets a time to a determination process by
the charge intention determination unit as a determination
process start time. Further, the charge intention determination
unit determines that the user has an intention to charge when
the determination start time setting unit sets the determination
process start time.

In addition to the above configuration, the vehicular charge
control apparatus may further include a determination start
time setting unit that sets a time to a determination process by
the charge intention determination unit as a determination
process start time. Further, the charge intention determination
unit determines that the user has an intention to charge when
(1) the determination start time setting unit sets the determi-
nation process start time, and (ii) a current time is the deter-
mination process start time.

The above described variations of the configuration of the
vehicular charge control apparatus are intended to describe
how the charge intention determination unit determines the
user’s intention to charge, in a practical manner.

A vehicular charge control system, having the above-de-
scribed vehicular charge control apparatus that controls a
charge operation of a vehicle from an external power source
of the vehicle, uses a charge intention determination unit to
determine whether the user of the vehicle has an intention to
charge, and, upon determining the charge intention by the
charge intention determination unit, uses a plug connection
state determination unit to determine whether a charge plug is
connected to the vehicle, and, upon determining that the
charge plug is not connected to the vehicle, uses a connection
abnormality signal transmission unit to transmit a connection
abnormality signal to an information center. On the other
hand, the information center that is communicable with the
vehicular charge control apparatus receives, by using a con-
nection abnormality signal reception unit, a connection
abnormality signal transmitted by a connection abnormality
signal transmission unit, and, upon receiving such connection
abnormality signal, uses a notification process execution unit
to perform a predetermined notification process.

According to the above-described vehicular charge control
system, the plug connection state abnormality detection is
performed prior to the start of the charging, according to the
user’s intention to charge or not to charge, thereby more truly
reflecting the user’s intention to the detection of the plug
connection state and to the notification of the abnormality of
the plug connection state.

BRIEF DESCRIPTION OF THE DRAWINGS

Objects, features, and advantages of the present disclosure
will become more apparent from the following detailed
description made with reference to the accompanying draw-
ings, in which:

FIG. 1 is a block diagram of a vehicular charge control
system having a vehicular charge control apparatus and a
information center in a first embodiment of the present dis-
closure;

FIG. 2 is an illustration of a confirmation screen;

FIG. 3 is a flowchart of a plug connection state detection
and notification;

FIG. 4 is a modification of the flowchart shown in FIG. 3;

FIG. 51s a block diagram ofthe system in a second embodi-
ment, which corresponds to FIG. 1 in the first embodiment;

FIG. 6 is a flowchart of a plug connection state detection
and notification in the second embodiment;

FIG. 7 is a modification of the flowchart in FIG. 6;
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FIG. 8 is a block diagram of the system in a third embodi-
ment, which corresponds to FIG. 1 in the first embodiment;

FIG. 9 is a flowchart of a plug connection state detection
and notification in the third embodiment; and

FIG. 10 is a modification of the flowchart in FIG. 9.

DETAILED DESCRIPTION
First Embodiment

The first embodiment of the present disclosure is explained
as follows while with reference to FIGS. 1 to 4.

FIG. 1 is a block diagram of a vehicular charge control
system 12 which includes a vehicular charge control appara-
tus 10 and an information center 11.

First, the configuration of the vehicular charge control
apparatus 10 is explained.

The vehicular charge control apparatus 10 is equipped in a
vehicle 13. The vehicle 13 may be a plug-in hybrid vehicle or
a battery vehicle, or the like. The vehicle charge control
apparatus 10 may be a CPU, a ROM, and microcomputer
having the RAM. The vehicular charge control apparatus 10
controls a charge operation of a battery 15 that is equipped in
the vehicle 13, and the charge operation charges the battery 15
with power from a power supply facility 14 (may be referred
to as a power supply in claims) that is external to the vehicle
13. The battery 15 may be an NiMH secondary battery, or a
lithium ion secondary battery, or the like.

The vehicular charge control apparatus 10 is coupled to a
charge connector 16, a connection state detection unit 17, a
navigation unit 18, a real time clock (RTC) 19, a vehicle
information detection unit 20, a display unit 21, an operation
switch unit 22, and a communication unit 23.

In addition, the vehicular charge control apparatus 10 real-
izes the following units as software processes by executing a
program: a charge intention determination unit 31, a plug
connection state determination unit 32, an in-vehicle notifi-
cation execution unit 33, a getting-off determination unit 34,
a stop position determination unit 35, an elapsed time deter-
mination unit 36, a confirmation screen display unit 37, a
connection abnormality signal transmission unit 38.

The vehicle 13 includes the charge connector 16 on a side
of the body of the vehicle 13. A power supply facility 14 is
equipped with a charge cable 14a that has a charge plug 41.
The charge connector 16 is detachably connected to the
charge plug 41. The power supply facility 14 may be a public
charge facility in a charge station or a parking area, or may be
a private charge facility in a house.

The connection state detection unit 17 may be, for
example, configured as a mechanical switch used in the
charge connector 16. This mechanical switch is a physical
switch that is turned on when the charge plug 41 is adequately
connected to the charge connector 16. The vehicular charge
control apparatus 10 determines that the charge plug 41 is
adequately connected to the charge connector 16 when the
mechanical switch is turned on, and is not adequately con-
nected to the charge connector 16, when the mechanical
switch is not turned on. In such case, “the charge plug 41 is
adequately connected to the charge connector 16” means that
the charge plug 41 is, without being forgotten to be plugged
in, without being pulled off, or without falling off, connected
to the charge connector 16 so that the vehicular charge control
apparatus 10 can execute a charge operation to charge the
battery 15.

In addition, the connection state detection unit 17 may be
configured to be realized by a software process executed by
the vehicular charge control apparatus 10, instead of a physi-
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cal device such as a mechanical switch. In other words, the
vehicular charge control apparatus 10 may execute the charge
operation to charge the battery 15 only for a short time (e.g.,
a few seconds), and, if a supply of electricity from the power
supply facility 14 to the battery 15 is confirmed, it may be
determined that the charge plug 41 is adequately connected to
the charge connector 16, and, if the charge operation is not
confirmed, it may be determined that the charge plug 41 is not
adequately connected to the charge controller 16.

The navigation unit 18 performs a route guidance of the
vehicle 13. The navigation unit 18 may include a Global
Positioning System (GPS) receiver and a map data input unit
to input memorized map data in a map data storage. The GPS
receiver receives an electric wave that is transmitted by a GPS
satellite for the measurement of the current position of the
vehicle.

The RTC 19 is, for example, a time measurement unit for
acquiring time information such as a date, a time, an elapsed
time, and the like. The RTC 19 counts the number of clock
pulses output from an oscillator, and generates a unit time
signal for displaying a unit time when the counted number of
pulses reaches a standard number. Then, the RTC 19 gener-
ates a terminal time based on the generated unit time signal.

The vehicle information detection unit 20 includes various
devices (for example, an engine control unit, a brake control
unit, a transmission control unit, an in-vehicle camera, and
the like); various sensors (for example, an acceleration sen-
sor, a speed sensor, an accelerator sensor, a sitting sensor and
the like); various switches (for example, an accessory switch,
an ignition switch, a door switch, a door lock switch and the
like), together with other devices. The vehicle information
detectionunit 20 inputs various information detected by these
devices, sensors, and switches into the vehicular charge con-
trol apparatus 10 as vehicle information.

The display unit 21 may include a color display device such
as a liquid crystal display or an organic electroluminescence
display. The display unit 21 may display various screens such
as a charge control screen, an operation explanation screen, a
setting input screen, and the like. The display unit 21 may be
a display unit equipped in the navigation unit 18, or may be a
display unit of an equipment other than the navigation unit 18.

The operation switch unit 22 includes a plurality of
switches, such as mechanical switches closely positioned
around a screen of the display unit 21, or touch panel switches
on the screen of the display unit 21. The user may perform
various setting operations such as a setting of a start time of
reserved charging, by using switches of the operation switch
unit 22.

The communication unit 23 performs, through a wireless
communication channel, data communication with the infor-
mation center 11. That is, the communication unit 23 has a
data transmission function and a data reception function for
transmitting and receiving various data.

The charge intention determination unit 31 determines
whether a user of the vehicle 13 has an intention to charge the
battery 15. A determination process performed by the charge
intention determination unit 31 is described in more details in
the following.

The plug connection state determination unit 32 deter-
mines whether the charge plug 41 is adequately connected to
the charge connector 16 of the vehicle 13 when the charge
intention determination unit 31 determines that the user has
an intention to charge.

The in-vehicle notification execution unit 33 performs a
predetermined notification process (i.e., an in-vehicle notifi-
cation process) when the plug connection state determination
unit 32 determines that the charge plug 41 is not adequately
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6

connected to the charge connector 16. Practical examples of
the in-vehicle notification process are described later in
detail.

The getting-oft determination unit 34 determines whether
the user has gotten off the vehicle 13. Such determination is
performed based on the information acquired from the
vehicle information detection unit 20. For example, the get-
ting-off determination unit 34 determines that the user has
gotten off the vehicle 13 when a switch in the vehicle 13, such
as an accessory switch or an ignition switch is switched from
an ON state to an OFF state after the vehicle 13 has stopped,
when a sitting sensor in the vehicle 13 switches from an ON
state to an OFF state after the vehicle 13 has stopped, when a
door switch of the vehicle 13 switches from an ON state to an
OFF state after the vehicle 13 has stopped, or when a door
lock switch of the vehicle 13 switches from an ON state to an
OFF state after the vehicle 13 has stopped. Further, the get-
ting-off determination unit 34 may be configured to deter-
mine that the user has gotten off the vehicle 13 when a
getting-off behavior of the user from the vehicle 13 is detected
based on an image analysis of an image that is captured by a
camera in the vehicle 13, or when the absence of the user in
the vehicle 13 is detected based on such analysis.

The stop position determination unit 35 determines
whether the vehicle 13 has stopped at a “predetermined posi-
tion” based on position information of the vehicle 13 pro-
vided from the navigation unit 18. In this case, the “predeter-
mined position” is a position where the power supply facility
14 is installed, and the position where the power supply
facility 14 is installed is pre-stored in the database of the
navigation unit 18 or in the database of the vehicular charge
control apparatus 10. The memorization of the predetermined
position may be performed by the user through the operation
switch unit 22, or may be performed automatically by the
vehicular charge control apparatus 10 through the execution
of software.

The elapsed time determination unit 36 determines
whether a predetermined period of time has elapsed since the
vehicle 13 came to a stop. In this case, the “predetermined
time” may preferably be a couple of minutes (i.e., two to three
minutes) that is usually required for the user to connect the
charge plug 41 to the charge connector 16 after the vehicle 13
has stopped. Setting of the predetermined time may be per-
formed by the user through the operation switch unit 22, or
may be performed automatically by the vehicular charge con-
trol apparatus 10 through the execution of a software.

In the present embodiment, the charge intention determi-
nation unit 31 determines whether the user has an intention to
charge the vehicle 13 based on the outputs of the getting-off
determination unit 34, the stop position determination unit
35, and/or the elapsed time determination unit 36.

When it is determined by the stop position determination
unit 35 that the vehicle 13 has stopped at a predetermined
position, the confirmation screen display unit 37 displays, on
the display unit 21, a confirmation screen C to prompt the user
to confirm an intention to charge. The confirmation screen C
has, as shown in FIG. 2, a check box Ca for indicating that the
user has an intention to charge and a check box Cb for indi-
cating that the user has no intention to charge as well as an
“OK” button Cc, and the user can check one of two check
boxes and then press the OK button to confirm and input
his/her intention to charge or no intention to charge to the
vehicular charge control apparatus 10.

The connection abnormality signal transmission unit 38
generates a connection abnormality signal when the plug
connection state determination unit 32 determines that the
charge plug 41 is not adequately connected to the charge
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connector 16, and transmits the connection abnormality sig-
nal to the information center 11 through the communication
unit 23.

The configuration of the information center 11 is explained
in the following. The information center 11 includes a control
unit 51 and a communication unit 52. The control unit 51
includes a microcomputer which has, as main components, a
CPU, a ROM, and a RAM (not illustrated). The information
center 11 realizes, by the execution of software in the CPU of
the control unit 51, a connection abnormality signal reception
unit 61 and an out-of-vehicle notification execution unit 62.

The communication unit 52 performs, for example,
through wireless communication channel, data communica-
tion between the vehicular charge control apparatuses 10 on
each of the vehicles 13. The communication unit 52 has a
transmission function and a reception function of various
data. Further, the communication unit 52 is configured to
perform data communication with a portable terminal 71 that
is owned by a user through, for example, wireless communi-
cation channel.

The connection abnormality signal reception unit 61
receives a connection abnormality signal which is transmitted
by the connection abnormality signal transmission unit 38 of
the vehicular charge control apparatus 10 through the com-
munication unit 52.

When the connection abnormality signal reception unit 61
receives the connection abnormality signal, the out-of-ve-
hicle notification execution unit 62 performs a predetermined
notification process (i.e., an out-of-vehicle notification pro-
cess). Details of the out-of-vehicle notification process are
described later.

The operation of the vehicular charge control system 12
configured in the above-described manner (i.e., a process for
detection and notification of a plug connection state) is
explained in the following with reference to a flowchart
shown in FIG. 3. In addition, a process for detection and
notification of the plug connection state is performed before
the start of the charge operation to charge the battery 15 at the
power supply facility 14.

The vehicular charge control apparatus 10 determines
whether the user has gotten off the vehicle 13 (step A1). When
the vehicular charge control apparatus 10 determines that the
user has gotten off the vehicle 13 (step A1:YES), then, the
vehicular charge control apparatus 10 determines whether the
vehicle 13 has stopped at a predetermined position (step A2).
When the vehicular charge control apparatus 10 determines
that the stop position of the vehicle 13 is not at a predeter-
mined position (step A2:NO), the process for detection and
notification of a plug connection state is finished. When the
vehicular charge control apparatus 10 determines that the
vehicle 13 is stopped at a predetermined position (step
A2:YES), the vehicular charge control apparatus 10 deter-
mines whether a predetermined period of time has elapsed
after the vehicle 13 has come to a stop at the predetermined
position (step A3).

The vehicular charge control apparatus 10 waits until the
predetermined period of time elapses (step A3:NO). When
the predetermined period of time elapses (step A3:YES), the
vehicular charge control apparatus 10 determines that the user
has an intention to charge, and a confirmation process for
confirming the plug connection state (step A4) is performed.
In other words, when the user gets off the vehicle 13 (step
A1:YES), and when the vehicle stops at the predetermined
position (step A2:YES), and when the predetermined period
of time elapses after the stopping of the vehicle 13 at the
predetermined position (step A3:YES), the vehicular charge
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control apparatus 10 in the present embodiment determines
that the user has an intention to charge.

In the confirmation process for confirming the plug con-
nection state (step A4), the vehicular charge control apparatus
10 determines whether the charge plug 41 is adequately con-
nected to the charge connector 16 of the vehicle 13 based on
a detection result by the connection state detection unit 17.

Then, the vehicular charge control apparatus 10 determines
whether a connection abnormality (i.e., the charge plug 41 is
either forgotten to be plugged in, being pulled off; falling off,
orthe like) is detected by the confirmation process of the plug
connection state (step AS). When a connection abnormality of
the plug connection state is not detected (step A5:NO), the
vehicular charge control apparatus 10 finishes the process for
detection and notification of the plug connection state. On the
other hand, when a connection abnormality of the plug con-
nection state is detected (step A5:YES), the vehicular charge
control apparatus 10 performs a notification process (step
A6).

The notification process includes, in this case, an in-ve-
hicle notification process and an out-of-vehicle notification
process. By performing the in-vehicle notification process,
the vehicular charge control apparatus 10 displays a notifica-
tion screen (not illustrated) on the display unit 21 in the
vehicle 13. On the other hand, by performing the out-of-
vehicle notification process, the vehicular charge control
apparatus 10 transmits a connection abnormality signal to the
information center 11. The information center 11, which has
received a connection abnormality signal, transmits required
data (i.e., data for displaying a notification screen) to the
portable terminal 71 of the user to display a notification
screen. The portable terminal 71, which has received the data
of the notification screen, displays the notification screen
based on the data for displaying the notification screen on a
display unit installed in the portable terminal 71 (not illus-
trated). In such case, the notification screen displayed by the
in-vehicle notification process and the notification screen
displayed by the out-of-vehicle notification process respec-
tively display information indicative of “the charge plug 41
not adequately connected to the charge connector 16” as, for
example, text information.

In addition, when it is determined by the stop position
determination unit 35 that the vehicle 13 has stopped at the
predetermined position (step A2:YES), the vehicular charge
control apparatus 10 may preferably be configured to display
on the display unit 21 the confirmation screen C (cf. FIG. 2)
to confirm whether the user has or does not have an intention
to charge.

Further, when it is determined that the user has gotten off
the vehicle 13 by the getting-off determination unit 34 (step
A1:YES), the vehicular charge control apparatus 10 may
repeatedly perform the confirmation process for confirming
the plug connection state (step A4) by the plug connection
state determination unit 32, and may repeatedly perform the
notification process (step A6) by the in-vehicle notification
execution unit 33 and/or the out-of-vehicle notification
execution unit 62 based on a determination result by the plug
connection state determination unit 32 (step A5). With refer-
ence to FIG. 4, which is similar to the flow chart of FIG. 3,
subsequent to the notification process in step A6, the vehicu-
lar charge control apparatus 10 determines whether a prede-
termined period of time has elapsed (step A7). In this case, “a
predetermined period of time” in step A7 is defined as a
longer time, e.g., 10 minutes to 1 hour, than a predetermined
period of time in step A3, which is, for example, a length of
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time that is usually required for the user to connect the charge
plug 41 to the charge connector 16 after the stop of the vehicle
13, that is, 2 to 3 minutes.

The vehicular charge control apparatus 10 waits until the
predetermined period of time after the completion of the
notification process has elapsed (step A7:NO). When the
predetermined period of time after the completion of the
notification process has elapsed (step A7:YES), the vehicular
charge control apparatus 10 determines whether the charge
operation is complete (step A8). When the charge operation is
complete (step A8:YES), the vehicular charge control appa-
ratus 10 finishes the process for detection and notification of
the plug connection state. When the charge operation is not
complete (step A8:NO), the vehicular charge control appara-
tus 10 returns the process to step A4 (i.e., the confirmation
process for confirming the plug connection state). In such
manner, the vehicular charge control apparatus 10 repeatedly
performs plug connection determination (step A4) by the plug
connection state determination unit 32 at a predetermined
time interval of 10 minutes to 1 hour. Based on FIG. 4, when
the user gets off the vehicle 13 (step A1:YES), and when the
vehicle stops at the predetermined position (step A2:YES),
and when a predetermine period of time (e.g. 2-3 minutes)
after the vehicle 13 stopped at the predetermined position
elapses (step A3:YES) (i.e., when the user is determined that
he/she has an intention to charge), vehicular charge control
apparatus 10 repeatedly performs the notification process
(step A6) by the in-vehicle notification execution unit 33
and/or by the out-of-vehicle notification execution unit 62 at
apredetermined time interval of 10 minutes to 1 hour, accord-
ing to a plug connection determination (step A4) by the plug
connection state determination unit 32.

According to the present embodiment, the determination
of the connection state of the charge plug 41 is performed
when the user of the vehicle 13 is determined to have an
intention to charge. As a result of such determination, if the
charge plug 41 is not adequately connected to the charge
connector 16 of the vehicle 13 despite the user’s intention to
charge, such a plug connection state (i.e., the charge plug 41
being not connected to the charge connector 16 of the vehicle
13) is securely notified to the user. On the other hand, if the
charge plug 41 is not connected to the charge connector 16 of
the vehicle 13 due to the lack of the user’s intention to charge,
such a plug connection state (i.e., the charge plug 41 being not
connected to the charge connector 16 of the vehicle 13) will
not be notified to the user. In other words, according to the
user’s intention an abnormality detection of a connection
state of the charge plug 41 is performed before starting the
charge. Therefore, the user’s intention is suitably reflected to
a determination of whether to perform a connection state
determination of the charge plug 41 and to a determination of
whether to perform a notification of abnormality of the plug
connection state.

Second Embodiment

The second embodiment of the present disclosure is
explained with reference to FIGS. 5 to 7. In the present
embodiment, the configuration of the vehicular charge con-
trol apparatus 10 as well as the content of the determination
process performed by the charge intention determination unit
31 are different. The following description is focused to
explain such difference from the previous embodiment.

The vehicular charge control apparatus 10 includes a
charge start time setting unit 81 that can be realized as a
software executed by a control program in the CPU. The
charge start time setting unit 81 displays a charge reservation
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setting screen (not illustrated) on the display unit 21. The
charge reservation setting screen at least includes numeric
keys to input time, a time display column to display time, and
an OK button to set an inputted time as a reserved charge start
time. The reserved charge start time is the time that the user
would like to start the charge operation to the battery 15 at the
power supply facility 14, and is configured to set the reserved
charge start time according to the inputted time from the
charge reservation setting screen.

The operation of the vehicular charge control system 12 of
the second embodiment is described with reference to FIG. 6.

The vehicular charge control apparatus 10 determines
whether the reserved charge start time has been set (step B1).
When the reserved charge start time has been set (step
B1:YES), the vehicular charge control apparatus 10 deter-
mines that the user has an intention to charge, and starts to
perform the process of step A4 and after, which are equivalent
to the steps described of the first embodiment.

In addition, when it is determined that the user has an
intention to charge (step B1: YES), the vehicular charge con-
trol apparatus 10 in the present embodiment may also be
configured to repeatedly perform the plug connection deter-
mination (step A4) by the plug connection state determination
unit 32 at a predetermined period of time, such as 10 minutes
to 1 hour, and may be configured to repeatedly perform the
notification process by the in-vehicle notification execution
unit 33 and/or by the out-of-vehicle notification execution
unit 62 at a predetermined period of time, such as 10 minutes
to 1 hour, according to a determination result by the plug
connection state determination unit 32.

In addition, with reference to FIG. 7, when the reserved
charge start time is set by the charge start time setting unit 81
(step B1:YES), the vehicular charge control apparatus 10
waits for a predetermined period of time before the reserved
charge start time to determine that the user has an intention to
charge. By way of example, the vehicular charge control
apparatus 10 may set the predetermined period of time to 5
minutes, such that the user’s intention to charge is not deter-
mined till 5 minutes before the reserved charge start time has
elapsed. Once, the predetermined period of time before the
reserved charge start time has elapsed (B2:YES), the vehicu-
lar charge control apparatus 10 performs the process of step
A4 and after.

According to the present embodiment described above, the
detection of the abnormality of the connection state of the
charge plug 41 is performed according to whether the user has
an intention to charge or not, thereby more suitably reflecting
the user’s intention to perform an abnormality detection of
the connection state of the charge plug 41, and to perform a
notification that the plug connection state is abnormal. Addi-
tionally, according to the second embodiment, the user’s
intention to perform the charge is determined based on the
reserved charge start time.

Third Embodiment

The third embodiment of the present disclosure is
explained with reference to FIGS. 8 to 10. The present
embodiment is different from the above-mentioned embodi-
ments in the configuration of the vehicular charge control
apparatus 10 and in the content of the determination process
by the charge intention determination unit 31. The following
description is focused to explain such difference.

The vehicular charge control apparatus 10 includes a deter-
mination start time setting unit 91 that may be implemented
by executing a control program in the CPU. The determina-
tion start time setting unit 91 displays a determination process
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setting screen (not illustrated) on the display unit 21. The
determination process setting screen at least includes numeric
keys to input time, a time display column to display time, and
an OK button to set an inputted time as a determination
process start time. The determination process start time is the
time that the determination process by the charge intention
determination unit 31 starts, and is configured to set the
determination process start time according to the inputted
time from the determination process setting screen.

The operation of the vehicular charge control system 12 in
the present embodiment is explained in the following with
reference to a flowchart shown in FIG. 9.

The vehicular charge control apparatus 10 determines
whether the determination process start time has been set
(step C1). If the determination process start time has been set
(step C1:YES), the vehicular charge control apparatus 10
determines that the user has an intention to charge, and starts
to perform the process of step A4 and after, which are equiva-
lent to the steps of the first embodiment.

In addition, when it is determined that the user has an
intention to charge (step C1:YES), the vehicular charge con-
trol apparatus 10 in the present embodiment may also be
configured to repeatedly perform the determination process
(step A4) by the plug connection state determination unit 32
at a predetermined period of time, such as 10 minutes to 1
hour, and may be configured to repeatedly perform the noti-
fication process (step A6) by the in-vehicle notification
execution unit 33 and/or by the out-of-vehicle notification
execution unit 62 at a predetermined period of time, such as
10 minutes to 1 hour, according to a determination result by
the plug connection state determination unit 32.

Further, as shown in FIG. 10, when the determination pro-
cess start time is set by the determination start time setting
unit 91 (step C1: YES), the vehicular charge control apparatus
10 may wait for a predetermined period of time before the
determination process start time to determine that the user has
an intention to charge. By way of example, the vehicular
charge control apparatus 10 may set the predetermined period
of'time to 5 minutes, such that the user’s intention to charge is
not determined till the 5 minutes before the determination
process start time has elapsed. Once, the predetermined
period of time before the determination process start time has
elapsed (C2:YES), the vehicular charge control apparatus 10
performs the process of step A4 and after.

According to the present embodiment described above, the
detection of the abnormality of the connection state of the
charge plug 41 is performed according to a determination of
whether the user has an intention to charge or not, thereby
more suitably reflecting the user’s intention to perform a
determination of the connection state of the charge plug 41,
and to perform a notification that the plug connection state is
abnormal. Additionally, according to the third embodiment,
the user’s intention to perform the charge is determined based
on the determination process start time.

Other Embodiments

Although the present disclosure has been fully described in
connection with preferred embodiment thereof with refer-
ence to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art.

For example, the in-vehicle notification process and the
out-of-vehicle notification process may be performed by
voice or by a warning sound from a speaker or a buzzer.

The connection abnormality signal reception unit 61 and
the out-of-vehicle notification execution unit 62 may be dis-
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posed in the portable terminal 71 instead of disposing those
units in the information center 11, and the connection abnor-
mality signal transmission unit 38 may transmit the connec-
tion abnormality signal to the portable terminal 71. In other
words, the information center 11 may be omitted.

Such changes, modifications, and summarized schemes
are to be understood as being within the scope of the present
disclosure as defined by appended claims.

What is claimed is:

1. A vehicular charge control apparatus for controlling a
charge operation of a vehicle from an external power source
of the vehicle, the apparatus comprising:

a charge intention determination unit that determines

whether a user of the vehicle has an intention to charge;

a plug connection state determination unit that determines
whether a charge plug is connected to the vehicle when
the charge intention determination unit determines that
the user has an intention to charge;

a notification process execution unit that executes a prede-
termined notification process when the plug connection
state determination unit determines that the plug is not
connected;

a getting-off determination unit that determines whether
the user has gotten off the vehicle;

a stop position determination unit that determines that a
stop position of the vehicle is a predetermined position;

an elapsed time determination unit that determines whether
an elapsed time after the stopping of the vehicle is
greater than a predetermined time length; and

a connection abnormality signal transmission unit that is
communicably coupled with an information center and
transmits a connection abnormality signal to the infor-
mation center when the plug connection state determi-
nation unit determines that the plug is not connected,
wherein

the charge intention determination unit determines that the
user has an intention to charge when at least all of fol-
lowing three conditions are fulfilled

(1) when the getting-off determination unit determines that
the user has gotten off the vehicle,

(i1) when the stop position determination unit determines
that the stop position of the vehicle is the predetermined
position, and

(ii1) when the elapsed time determination unit determines
that the elapsed time after the stopping of the vehicle is
greater than the predetermined time length.

2. The vehicular charge control apparatus of claim 1 further
comprising, a confirmation screen display unit that displays a
confirmation screen for confirming that the user has the inten-
tion to charge when the stop position determination unit
determines that the stop position of the vehicle is the prede-
termined position.

3. The vehicular charge control apparatus of claim 1,
wherein

the plug connection state determination unit is configured
to repeatedly determine whether the charge plug is con-
nected to the vehicle when the getting-off determination
unit determines that the user has gotten off the vehicle,
and

the notification process execution unit is configured to
repeatedly execute the notification process when the
plug connection state determination unit determines that
the charge plug is not connected.

4. The vehicular charge control apparatus of claim 1 further
comprising a charge start time setting unit that sets a time to
start charge of the vehicle as a reserved charge start time,
wherein
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the charge intention determination unit is further config-
ured to determine that the user has an intention to charge
when the charge start time setting unit sets the reserved
charge start time.

5. The vehicular charge control apparatus of claim 1 further

comprising,

acharge start time setting unit that sets a time to start charge
of'the vehicle as a reserved charge start time,

the charge intention determination unit further determines
that the user has an intention to charge when (i) the
charge start time setting unit sets the reserved charge
start time, and (ii) a current time is a predetermined time
length before the reserved charge start time.

6. The vehicular charge control apparatus of claim 1 further

comprising,

a determination start time setting unit that sets a time to a
determination process by the charge intention determi-
nation unit as a determination process start time,
wherein

the charge intention determination unit further determines
that the user has an intention to charge when the deter-
mination start time setting unit sets the determination
process start time.

7. The vehicular charge control apparatus of claim 1 further

comprising

a determination start time setting unit that sets a time to a
determination process by the charge intention determi-
nation unit as a determination process start time,
wherein

the charge intention determination unit further determines
that the user has an intention to charge when (i) the
determination start time setting unit sets the determina-
tion process start time, and (ii) a current time is the
determination process start time.

8. The vehicular charge control apparatus of claim 1,

wherein

the plug connection state determination unit determines
that the charge plug is not adequately connected when a
power supply from the external power source is not
confirmed.

9. The vehicular charge control apparatus of claim 1,

wherein

the plug connection state determination unit performs the
determination prior to a start of the charge operation.

10. The vehicular charge control apparatus of claim 1,
wherein the elapsed time determination unit determines that
the elapsed time after the stopping of the vehicle is greater
than the predetermined time length only after the stopping of
the vehicle and only after the getting-off determination unit
determines that the user has gotten out of the vehicle.

11. The vehicular charge control apparatus of claim 10,
wherein the stop position determination unit determines the
stop position of the vehicle is the predetermined position only
after the getting-off determination unit determines that the
user has gotten out of the vehicle.

12. The vehicular charge control apparatus of claim 1,
wherein the stop position determination unit determines the
stop position of the vehicle is the predetermined position only
after the getting-off determination unit determines that the
user has gotten out of the vehicle.
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13. A vehicular charge control system comprising:

a vehicular charge control apparatus that controls a charge
operation of a vehicle from an external power source of
the vehicle;

an information center that is communicably coupled with
the vehicular charge control apparatus;

a getting-off determination unit that determines whether
the user has gotten off the vehicle;

a stop position determination unit that determines that a
stop position of the vehicle is a predetermined position;
and

an elapsed time determination unit that determines whether
an elapsed time after the stopping of the vehicle is
greater than a predetermined time length, wherein

the vehicular charge control apparatus includes:

a charge intention determination unit that determines
whether a user of the vehicle has an intention to
charge;

a plug connection state determination unit that deter-
mines whether a charge plug is connected to the
vehicle when the charge intention determination unit
determines that the user has an intention to charge;
and

a connection abnormality signal transmission unit that
transmits a connection abnormality signal to the
information center when the plug connection state
determination unit determines that the plug is not
connected,

the information center includes:

a connection abnormality signal reception unit that
receives a connection abnormality signal; and

a notification process execution unit that executes a pre-
determined notification process when the connection
abnormality signal reception unit receives the con-
nection abnormality signal, and

the charge intention determination unit determines that the
user has an intention to charge when all of following
three conditions are fulfilled

(1) when the getting-off determination unit determines that
the user has gotten off the vehicle,

(i1) when the stop position determination unit determines
that the stop position of the vehicle is the predetermined
position, and

(ii1) when the elapsed time determination unit determines
that the elapsed time after the stopping of the vehicle is
greater than the predetermined time length.

14. The vehicular charge control apparatus of claim 13,
wherein the elapsed time determination unit determines that
the elapsed time after the stopping of the vehicle is greater
than the predetermined time length only after the stopping of
the vehicle and only after the getting-off determination unit
determines that the user has gotten out of the vehicle.

15. The vehicular charge control apparatus of claim 14,
wherein the stop position determination unit determines the
stop position of the vehicle is the predetermined position only
after the getting-off determination unit determines that the
user has gotten out of the vehicle.

16. The vehicular charge control apparatus of claim 13,
wherein the stop position determination unit determines the
stop position of the vehicle is the predetermined position only
after the getting-off determination unit determines that the
user has gotten out of the vehicle.
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